To comprehensively examine factors associated with long-term nursing home (NH) entry from 6 domains of older adult and family caregiver risk from nationally representative surveys and develop a prognostic model and a simple scoring system for use in risk stratification. DESIGN: Retrospective observational study. SETTING: National Long-Term Care Surveys 1999 and 2004 and National Health and Aging Trends Study 2011 and linked caregiver surveys. PARTICIPANTS: Community-living older adults receiving help with self-care disability and their primary family or unpaid caregiver (N52,676). MEASUREMENTS: Prediction of long-term NH entry (>100 days or ending in death) by 24 months follow up, ascertained from Minimum Data Set assessments and dates of death from Medicare enrollment files. Risk factors were measured from survey responses. RESULTS: In total, 16.1% of older adults entered a NH. Our final model and risk scoring system includes 7 independent risk factors: older adult age (1 point/5 years), living alone (5 points), dementia (3 points), 3 or more of 6 self-care activities (2 points), caregiver age (45-64: 1 point, 65-74: 2 points, 75: 4 points), caregiver help with money management (2 points), and caregiver report of moderate (2 points) or high (4 points) strain. Using this model, participants were assigned to risk quintiles. Longterm NH entry was 7.0% in the lowest quintile (0-6 points), 20.4% in the middle 3 quintiles (7-14 points), and 30.9% in the highest quintile (15-22 points). The model was well calibrated and demonstrated moderate discrimination (c-statistic50.670 in the original data, cstatistic50.647 in bootstrapped samples, c-statistic50.652 using the point-scoring system). CONCLUSION: We developed a prognostic model and simple scoring system that may be used to stratify risk of long-term NH entry of community-living older adults. Our model may be useful for population health and policy applications. J Am Geriatr Soc 2018.
T he exceedingly high financial and human costs of nursing home (NH) care has motivated sustained interest in identifying risk factors that are associated with long-term NH entry, [1] [2] [3] but most studies have been conducted in small, disease-specific, nonrepresentative samples. [1] [2] [3] [4] [5] [6] Nationally representative studies have generally been constrained to a narrow set of individual or family caregiver factors 7, 8 or have examined NH use rather than entry, 9 ,10 yet nursing home entry is a multifactorial process affected by individual health and function, type and intensity of care needs, and the availability and adequacy of services and supports. 1 Because more than 9 out of 10 community-living older adults with disability rely on help from family and unpaid caregivers, 11 caregiver factors may also affect risk of NH entry, although evidence is mixed.
increasingly possible to incorporate a broader set of factors into risk prediction, such as information available from family caregivers. 15, 16 Although many people require short-term postacute care in a nursing facility, long-term NH entry is a less common event that is highly concentrated in persons with disability. The availability of a prognostic model could facilitate more effective targeting of supports to delay or avert this outcome.
Because risk prediction is usually poor when based on a narrow set of factors, and support from family caregivers may be consequential to NH entry, we undertook a multistage study to assess how older adult and family caregiver factors jointly contribute to risk in a nationally representative sample of community-living older adults with self-care disability. We expected that the ability to discriminate risk of long-term NH entry would involve multiple domains encompassing older adults and family caregivers. Therefore, we first comprehensively examined factors associated with long-term NH entry in previously identified domains of older adult and family caregiver risk. Second, we developed a prognostic model for longterm NH entry. Third, we translated our model into a simple scoring system with decision thresholds to guide use of our model in risk stratification.
METHODS

Participants and Data Collection
Our study draws on the 1999 and 2004 National LongTerm Care Survey (NLTCS) and the 2011 National Health and Aging Trends Study (NHATS) with linked caregiver surveys, Minimum Data Set files, and Medicare enrollment files. The NLTCS and NHATS are nationally representative surveys of adults aged 65 and older. Both surveys rely on Medicare enrollment files for their sampling frame, and each collects information about a broad set of sociodemographic and health characteristics in inperson interviews. With sampling weights, both studies produce nationally representative estimates of late-life disability. The 1999 and 2004 Informal Caregiver Survey and 2011 National Study of Caregivers are nationally representative surveys of relatives and unpaid helpers of NLTCS and NHATS study participants who were receiving assistance with self-care, mobility, or household activities for health or function at the time of in-person interviews.
Eligibility criteria for this study were developed to maximize comparability of older adults and their family caregivers at each point in time. 11 We paid particular attention to survey design concerns that have been identified as important in the measurement of disability 17 and, by extension, family caregiving. 18 We restricted our focus to community-living older adults receiving help with selfcare activities (eating, dressing, bathing, toileting, transferring, indoor mobility), for whom NH entry is most common. 1, 7 Eligible caregivers were relatives or unpaid nonrelatives providing help to older adults who met inclusion criteria. Because the NLTCS caregiver survey was conducted only with primary caregivers, a primary caregiver was identified from the 2011 National Study of Caregivers (which interviews multiple caregivers) for each NHATS study participant. The final study sample consisted of 2,676 older adult-family caregiver dyads. 11 
MEASUREMENTS
Older adult and family caregiver measures were constructed from survey responses. Candidate items were grouped according to 6 domains of risk (Tables 1 and 2 ). Domains encompassed older adult demographic characteristics (age, sex, race), social and economic resources (education, Medicaid status, marital status, living arrangement), and health (medical conditions, hospital use, functional impairment) and family caregiver demographic characteristics (age, sex, relationship to older adult), caregiving circumstances (living arrangement, health, competing responsibilities, duration, intensity, types of care, respite use), and role-related appraisal (measures of caregiving strain).
Definition of Long-Term NH Entry
Long-term NH entry was defined as a NH stay of longer than 100 days or ending in death. Episodes of NH care were constructed using the Minimum Data Set (MDS) assessment. Death was identified from dates of death in Medicare enrollment files. The MDS is administered to NH residents on admission and at regular intervals thereafter, as well as after a change in status, hospitalization, or discharge. MDS assessments are mandatory for all residents of Medicare-and Medicaid-certified NHs and are used in Medicare payment 19 and public reporting of NH quality. 20, 21 We constructed episodes from chronologically ordered MDS assessments within 24 months of interview. Episodes included breaks in NH care of less than 30 days to accommodate intervening hospitalizations, which are common in NH residents. 22, 23 Older adults who died before NH discharge or within 30 days of discharge are defined as having long-term NH entry, because 20% of NH resident deaths occur in the hospital. 24 Five hundred thirteen of 2,676 participants experienced long-term NH entry within 24 months of interview.
Model Derivation
We developed proportional hazard regression models that incorporated dates of NH entry and right-censoring events (e.g., death, end of study interval). These models produce valid estimates of the absolute cause-specific risk of an outcome event at a point in time in the presence of competing risks, in this case, death before NH entry. In addition to survey year, a comprehensive set of older adult factors and family caregiver factors were initially considered for model building. Because items of caregiving strain were highly correlated (p<.001), they were aggregated as a composite measure (range 0-9) for subsequent use in model building. Variables other than older adult age, sex, and survey year that were not associated with long-term NH entry in bivariate models (p<.25), were dropped. A reduced set of 28 variables was considered in model development: 16 older adult factors and 12 family caregiver factors, yielding an events-per-variable ratio of 18, which suggests an adequate sample for reliable risk prediction. 25, 26 Candidate variables were entered into multivariable Cox regression models using best-subset selection to identify the most important predictors and guide selection of a final model. Best-subset regression is an approach that identifies a series of models with similar statistical properties, ranking each model using statistics of model fit and affording investigators the ability to incorporate clinical and practical considerations in selecting a final model that is most appropriate from models of equivalent statistical accuracy.
27 SAS version 9.4 (SAS Institute, Inc., Cary, NC) was used for regression modeling following a previously described 28 and applied approach. 29 Final model selection was guided using the Schwarz Bayesian Information Criterion (SBIC), which imposes a greater penalty than other measures of model fit for each variable and yields a model with fewer variables, which may be advantageous with respect to clinical utility and ease of use. The authors reviewed 5 models with the highest SBIC scores and selected a 7-variable model comprising measures that are appropriate for risk stratification. Bootstrap resampling, in which the model selection process was replicated 100 times, was used to assess model performance. 25, 26 Discrimination of the prognostic model in the derivation sample was evaluated using the Harrell c-statistic. We used bootstrapped samples to compute an adjustment factor for overfitting related to variable selection and estimation. 28, 29 Calibration plots were produced to examine actual and predicted probability according to risk group over time, using Stata version 12 (Stata Corp., College Station, TX). 30 Three risk groups were constructed, reflecting the lowest, middle three, and highest quintiles in our sample. Finally, we constructed a point scoring system and decision threshold to guide use of the model for risk stratification. Because the point scoring system is organized around categories, continuous variables were categorized using cut-points that balanced adequacy of sample and observed thresholds of risk. Each point corresponds to risk associated with a 5-year increase in older adult age after rounding the ratio of coefficients to the nearest integer. 31 Discrimination and calibration of the point scoring system were compared with those of the original model using methods previously described. Because dementia is highly interrelated with functional impairment, 32 family caregiving, [33] [34] [35] and NH entry, 1, 4 we examined the performance of the point-based scoring system for older adults with and without dementia.
Because the NLTCS and NHATS use a complex multistage sampling strategy, descriptive estimates incorporate sampling weights and design variables.
11 Best-subset selection methodology, bootstrap resampling, and computation of the Harrell c-statistic do not accommodate design variables and sampling weights. Hazard ratios (HRs) with and without sampling weights and design variables were similar in our cohort, as were results using the Fine and Gray method of examining the cumulative incidence function (Supplementary Tables S1-S3) .
RESULTS
In total, 16.1% of community living older adults receiving help with self-care or mobility from a family or unpaid caregiver experienced a long-term NH stay within 24 months of interview. The median time between interview and NH entry was 281 days (interquartile range 112-486). Of the remaining participants, 20.0% died, and 63.9% survived 730 days without entering a NH.
Older adults had an average age of 79 and received help with 2 of 6 self-care activities; nearly one-third had dementia ( Table 1 ). Factors that were independently associated with long-term NH entry encompassed each of the 3 identified domains of older adult risk, including age, white race, being unmarried, living alone, having incurred a hospitalization in the prior year, and greater disability severity as measured according to number of self-care activities. Health conditions that were independently associated with NH entry included dementia, hearing impairment, vision impairment, and stroke; cancer was inversely associated with NH entry.
Family caregivers had an average age of 63; nearly three-quarters lived with the older adult, and most were not employed (Table 2) . Family caregivers provided an average of 34 hours of help per week. Family caregiver characteristics that were independently associated with older adult NH entry encompassed each of the 3 identified domains of risk, including older age, being a nonspouse, living separately, providing more hours of care, helping with money management, respite use, and caregivingrelated strain; helping with transportation was inversely associated with NH entry.
Our final model included 7 factors representing each of the 6 older adult and family caregiver domains of risk (Table 3) . Older adult age (HR51.02, 95% confidence an over-optimism penalty of 0.023 due to overfitting was estimated, resulting in an adjusted c-statistic of 0.647. Finally, to assess the ability of the final model to discriminate risk, participants were stratified into 3 risk groups differentiating the highest and lowest quintiles of risk from the quintiles of moderate risk. Observed 24-month NH entry was 6.9% in the lowest-risk group, 19.3% in the moderate-risk group, and 31.0% in the highest-risk group (Table 4) . Calibration plots indicated close correspondence between observed and predicted risk in each group. The point scoring system led to a modest loss in model discrimination (c-statistic 0.652). Using the point scoring system, long-term NH entry was 7.0% in the lowest quintile (0-6 points), 20.4% in the middle three quintiles (7-14 points), and 30.9% in the highest quintile (15-22 points) . In stratified analyses according to dementia status, the point-based scoring system was found to discriminate well in each of the 3 risk groups (Table 4 , Figure 1 ).
DISCUSSION
We systematically evaluated a broad range of older adult and family caregiver factors from nationally representative surveys to develop a prognostic model that may be used to stratify community-living older adults receiving help with self-care or mobility from family or unpaid caregivers into high, moderate, and low risk of 24-month NH entry. Our final prognostic model includes 7 factors encompassing multiple domains of older adult and family caregiver risk. This finding emphasizes that factors affecting NH entry extend beyond individual characteristics to their social context-including family caregiver demographic characteristics, circumstances, and experiences. Our prognostic model was able to stratify older adults into risk groups with marked differences in NH entry, ranging from 7% in the lowest-to 31% in the highest-risk quintile. The model appears to be robust, with limited loss of discrimination in bootstrapped samples. Finally, we were able to translate our prognostic model into a point-based scoring index with decision thresholds corresponding to the high-and low-risk groups.
The model that we developed has potential for use in care delivery, policy, and research settings. Organizations such as accountable care communities and state Medicaid home-and community-based programs that are responsible for delivering services to older adults with disabilities could use such a model for risk stratification to more effectively target interventions to beneficiaries at high risk of NH entry. This model could also be used for risk adjustment in comparing rates of NH entry in different environments or populations. The model could prove useful to researchers in the design of observational studies in which NH entry is an outcome or in establishing eligibility criteria and study measures in interventional studies that seek to reduce NH entry as a primary endpoint. This is the first application of nationally representative data to comprehensively assess how older adult and family caregiver factors jointly contribute to risk of NH entry among community-living older adults receiving help from a family caregiver. Study results confirm the importance of comprehensively assessing a broad range of factors in understanding risk of NH entry. We find that it is not only older adults' demographic factors and function that affect nursing home risk, but that characteristics of family caregivers, caregiving circumstances, and perceptions of their role are also informative. Several of the factors identified in our model are potentially modifiable through targeted community-based supports: most notably, living alone, 36 functional disability, 37 and caregivingrelated strain. 35, 38 To our knowledge, just one other prognostic model has been developed for NH entry. The model developed by Yaffe and colleagues focused on persons with advanced dementia and predicted 30-day nursing home episodes between 1989 and 1994. 4 It has many similarities to the model that we developed despite differences in study populations, definitions of NH entry, and time period. The cstatistics of each of the two models were approximately 0.67 at 24 months, suggesting considerable remaining unexplained variation, as is generally the case when predicting service use. 39 Stratified results according to dementia status are reassuring and suggest that our model has broad application to community-living older adults with significant disability, regardless of dementia status.
Results from this study are timely in light of recent deliberations regarding whether and how to account for social factors in Medicare payment policy 40, 41 and awareness of the potential value to be derived from more systematic recognition and effective support of family in care delivery. 42, 43 The enduring commitment and intensity of family help is widely recognized; in this study, family caregivers were providing nearly 34 hours of care per week on average. Our finding that caregiver factors contribute to risk of long-term NH entry raises the possibility that investing in services that better support family caregivers may yield dividends through reductions in long-stay NH use.
Limitations of our study include inability to generalize findings to older adults with less-severe disability, those living in residential care settings such as assisted living, and the 2% to 6% of older adults exclusively assisted by a paid caregiver. 44 Measures were carefully constructed to maximize comparability across the NLTCS and NHATS, but not all cross-year differences could be fully reconciled. 11 Data constraints preclude our ability to differentiate planned from unplanned nursing home entry, and limited our focus to a single "primary" caregiver as opposed to measures that characterize the broader helping network. Likewise, data limitations impede our ability to assess regional variability in the long-term services and supports delivery environment as well as use of post-acute care and home and community-based services and supports. Strengths of our study include use of a national sample of community-living older adults, comprehensive information on multiple domains of older adult and family caregiver risk, and complete and objective ascertainment of NH entry and mortality. Our model performs well across identified dimensions of prognostic model quality 45 with respect to being relatively free of bias, generalizable, and well calibrated.
In summary, we developed a prognostic model for long-term NH entry-an event of public health, human, and economic consequence. Because the annual cost of semiprivate NH care exceeds $85,000 46 and few Americans have long-term care insurance, NH entry is often a financial challenge for older adults and families, who must pay out of pocket. 47 Because publicly financed programs are the primary payers for NH care, identifying and mitigating risk is of fiscal consequence to federal and state policy-makers. Americans have strong preferences for community living, and broad availability of communitybased services and supportive programs makes respecting these preference increasingly possible. 36, 37, 48 The 7-item prognostic model that we developed may be of use to policy-makers, payers, and care delivery organizations by enabling more effective targeting of community-based supportive services to at-risk older adults with disability and the family members involved in their care.
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